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1 
This invention relates go pulse code modulation 
systems and particularly to coders therefor. 
In communication systems, utilizing what. is 
loeov.n as puise code modulation or PCII a speech 
wave.or other signal to be transmitted is sampled 5 
periodically to ascertain its instantaneous ampli- 
tude which is .then expressed by a permutation 
pse code analogous to a telegraph code. Such 
codes employ groups of pulses each of a fixed 
immber of pulses or pulse intervals. An advan- 10 
tgeous code of this type analogous to the coi» 
ventional printing telegraph code is one employ- 
ing on-off pulses, that is, a two-value code. Such 
a. code has a certain_maxhnun advantage in dis- 
criminating against noise. Codes employing 15 
pulses of more than two values can be nsed and 
are often advantageous in certain applications. 
These permutation codes are analogous to 
numeration systems in tht each code element 
in each of its values represent a certain definite 0 
component amplitude of the total range of ampii- 
rudes' that may be expressed by the code and 
the component mnplitude represented by the 
saine values of adjacent code elements bear a 
ratió fo each other equal to the number of possible 25 
values of the code elemens in the particu!ar code 
used. 
One Classification of pulse code modulution 
SYstems. is on the basis of the number of possible 
values assigned to each code element and be- S0 
Cause of the analogy to the numeration systems 
of corresponding bases such types of systems rnay 
be designated by shnilar terres, that is, binary, 
ternary, etc. With any code the total number 
ofpermutations obtainable is equal to m n where 35 
m is the number of possible values assigned to 
eaçh Code element and n is the number of code 
elements,  
 Since the number of diïîerent amplitudes that 
canbe represented by any code is determined 40 
by ,the-number of code elements used, it is im- 
p6ssible to truly represent the amplitude samples 
since they maY be of an infinlte number of values. 
Accordingly, the continuous range of amplitude 
vàkies of which the transmitted signal is capable 45 
is vided into a fixed number of constituent 
ranges together encompassing the total range. 
Each of the constituent amplitude ranges is then 
represented by an individual one of the permuta- 
tions of the code, and signal amplitudes falling 50 
within, the lhnits of any constituent range are 
treated as a single amplitude. This process is 
called quantizing. 
As previously indlcated, the binary code em- 
ploying on-off pulses gives a maximum advantage 55 
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in discrimination against noise. On the other 
hand for a given number of quantizing steps 'or 
mplitude values, it requires the greatest number 
of code elements or pulses of any of the permuta- 
tion codes. Since the banal width requirements 
are directly pïoportAonal to the number of code 
elements or pulses whether these be transmitted 
on a rime division basis or. otherwise,the use of 
this code a!so requires the greatest hand width. 
For many applications oî pulse code modulation, 
itis accordingly necessary to balance the factors 
of noise advantage, hand width, and quality as 
determined by the number of quantizing steps in 
the choice of the code tobe used. 
It will be observed that in any of the permuta- 
tion codes, each code element of a code group may 
be considered fo represent a definite constituent 
,art of the total amplitude range. In one type 
of ternary code, for example, each code element 
mayhave any of the values 0, 1 or 2. The por- 
tions of the a«nplitude range represented by each 
of these code values depends upon which code 
eiement of a code group is involved. Assume a 
code group in which the four code elements.have 
respectively the values 1-2-0-1, the code elements 
being numbered from the right in ascending de- 
nominational order. :In the first code element, 
the values 0, 1 and 2 represent like portions of 
the total amplitude. In the second code element, 
the values 0, 1 and 2 represent respectively ampli- 
tude constituents of 0, 3 and 6 units. In the 
third code element, the three values represent 
respectively 0, 9 and 18 units w.hile in the fiual 
code element the three values represent amPli- 
rudes of 0, 27 and 5 units, respectively. If the 
contributions of the four code elements in the 
group 1-2-0-1 are determined in àccordance vith 
the above and are combined, the decimal number 
representing the amplitude corresDonding to that 
code group may be obtained. The total mpli- 
rude represented by this particula-r group is thus 
1÷0÷18÷2746. The code elements of any 
permutation code may be evaluated in similar 
fashion and the value represented by any code 
group obtained. " 
It is the object o the present ïnvention o pro- 
vide means responsive fo a wave fo be transmitted 
for generating code groups of pulses in which 
multivalued code elements are employed, and 
more specifically, fo provide a coder rranged to 
generate code representations of the amplitude 
of a message wave comprising groups of n pu!ses, 
each of which rnay bave any of 7r values. 
A coder according to the invention comprises 
an electron beam tube .having meansïor 



Means responsive to the signal amplitude are 
provided for deflecting the electron beam to any 
of m  different positions on the coding plate and 
for each such position the coding plate is pro- 
vided with a row of target areas corresponding 
to then pulses of the code groups tobe produced. 
Circuits are associated with each of these areas 
and are completed by the electron beam. These 
circuits, including the target areas have combined 
transmission characteristics which are respec- 
tively proportional to the m values of the code 
pulses and serve when the beam impinges upon 
a particular row of target areas to represent the 
amplitude corresponding to the particular de- 
flection of the electron beam in a code founded 
upon a system of numeration of base m. 
The combined transmission characteristic of 
the ta.rget areas referred to above and the circuits 
associated therewith and completed by the elec- 
tron beam may be obtained in a variety of ways. 
For example, the target areas may be represented 
by apertures in the coding plate indicative by 
their positions or by their areas of the several 
values m of each code element. Alternatively, 
secondary emission may be used as a distinguish- 
ing characteristic, the target areas representing 
the several amplitudes or values of the code ele- 
ment pulses producing secondary omission in 
varying degrees. As another alternative, the 
target areas may be represented by apertures of 
identical size in the coding plate and the pulses 
produced by the transmission of the electrons of 
the beam therethrough may be weighted in 
auxfliary circuits to produce signals of the m 
amplitudes as requfl'ed. 
Apparatus suitable for decoding signals of the 
type herein contemplated is disclosed in my co- 
pending application Serial No. 75,350, filed Feb- 
ruary 9, 1949, now Patent 2,505,029, April 25, 1950. 
The above and other features of the invention 
will be described in detail in the following speci- 
flcation taken in cormection with the drawings 
in which: 
Fig. 1 is a schematic representation of a coder 
in accordance with the invention; 
Fig. 2 is a schematic representation of another 
form of coder also in accordance with the inven- 
tion; and 
Fig. 3 is a circuit schematic diagram showing 
details of certain of the elements of the coder 
of Fig. 2. 
For the purposes of the following detailed de- 
scription the coders of the invention will be de- 
scribod as arranged speciflcally for the produc- 
tion of code groups according to a ternary code 
wherein m, the number of code element values, 
equals 3 and n, the number of code element puises, 
equals 4. 
In the coder of Fig. 1 each of the target areas 
of the row corresponding to a particular signal 
amplitude comprises an opening of area propor- 
tional fo the value of the corresponding code ele- 
ment as required for tl]e code representation of 
that amplitude. Thus the openings in the target 
areas for any particular code element may be one 
unit in area or two units in aiea corresponding 
to the code element values of 1 and 2 or the target 
area may contain no opening corresponding to a 
code element value of 0. Referring now to Fig. 
1 the coder comprises an electron beam tube |0 
having therein means foi producing a line or 
ribbon beam of electrons comprising a cathode 
|i, control grid |4 and beam forming or ac- 
celerating electrodes |0 and |8. These elements 

2,602,158 

of the tube are connected to suitable sources of 
potential (not shown) in the conventional man- 
ner and operate to form a ribbon beam extending 
in the plane deflned by the openings in electrodes 
5 16 and 18. 
A coding plate 20 is positioned to intercept the 
ribbon beam and a pair of deflection plates 22 
through the application of süitable voltages con- 
trols the horizontal position of the beam. A 
10 message wave to be encoded is applied through 
an amplifier 24 to a pair of deflection plates 2S 
which in response to the signal controls the verti- 
cal position of the beam. A suitable source of 
bias may be provided to mainta2n the beam ai 
15 the lower edge of the coding plate .when the 
amplitude of the input signal is zero. If, how- 
ever, if is desired to encode signals which may 
be either positive or negative such bias may be so 
adjusted that for a message wave of zero ampli- 
20 rude the beam wfll strike at the center on the 
coding plate. 
The coding plate is constructed to deflne a 
plurality of rows of target areas extending across 
the plate parallel to the plane of the electron 
25 beam. Each such row of target areas includes 
four constituent areas each representing one of 
the four elements of the code to be produced. 
Thus the areas beginning ai the left-hand side 
of the target of the coding plate may be con- 
30 sidered to represent the first, second, third and 
fourth code elements. Each of these constituent 
areas is given a transmission characteristic 
representative of the value which the correspond- 
ing code element must have in order to deflne 
35 the vertical position of the row of areas in terres 
of the code to be employed. In the coder of Fig. 
1, a four element ternary code wherein each code 
element may have any of the values 0, 1, 2 is 
contemplated. If the flrst amplitude to be rep- 
0 resented is taken as zero, the corresponding code 
group may be written 0000. The amplitude posi- 
tion for a signal of zero amplitude is indicated 
at "0" on the code plate 20 of Fig. 1 and it wfll 
be seen that for this position no target area open- 
45 ings are provided. The code group correspond- 
ing to an amplitude of 1 is written 0001 where the 
code elements are numbered from the right in 
accordance with the convention chosen above. In 
the corresponding row of target areas in the 
50 coding plate, as indicated ai "1/' the target area 
for the flrst code element is provlded with an 
opening one unit in area whfle the remaining 
target areas of the row have no openings. 
In the row of target areas assigned to represent 
g0 a signal amplitude of "2" the required code group 
is 0002. This is obtained, as shown in Fig. 1 by 
providing the target area for the first code ele- 
ment with an opening of twice the area of that 
provided in the row for a signal amplitude of 1 
60 while no openings are provided in the other areas. 
In the same way the areas of the apertures in 
the target areas for the code elements of each 
row are made respectively proportional to the 
values for those code elements required by the 
65 particular code group representing that ampli- 
tude. Consider for example the portion of the 
code plate indicated by the dotted lines 20. If 
the areas of the target apertures corresponding 
fo the four code elements are written down in 
70 order the flrst denominational order appearlng 
ai the left of the target, etc., if will be seen that 
this particular row constitutes a representation 
of the code group 2112. This corresponds to the 
decimal number 08. 
7OE The loSsibility that the bem wfll be deflected 
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to a position midway between adjacent rows of 
the coding plate may.be eliminated by the .pro- 
vision of a so-called quantizing grid arrange- 
ment of the type described at pages 46t9 of an 
article by !. W. Sears entitled "Electron beam 5 
deflection tube for PCM" beginning at page 44 
in "The Bell System Technical Journal" for 
January 1948. 
Thus if will appear that upon deflection of the 
ribbon beam by the message .signal portions 10 
thereoï are allowed to pass through the coding 
plate and because of the different areas of the 
apertures, the total electron currents oï such 
portions correspond to the appropriate values of 
the respective code elements to represent a par- 15 
ticular signal amplitude. The resultant streams 
of electrons impinge upon collectors 38 through 
35 corresponding respectively fo the four code 
elements. The currents flowing in the circuits 
each including one of these collectors, auxfliary 20 
equipment and the electron beam are thus 
weighted in accordance with the values of the 
ïour code elements as required for the representa- 
tion of any particular signal amplitude. 
Thus far it has been assumed that the message 95 
signal is applied continuously to the deTlection 
plates 26 and under these circumstances the cur- 
rents flowing in the four collectors will constitute 
a code group which is continuously representative 
of the message signal amplitude. For some pur- 30 
poses if may be desirable fo transmit this infor- 
mation in this form. However, itis 0ften more 
convenient to transmit such information in the 
form of discrete pulses which may then be dis- 
tributed in rime for transmission over a single 35 
channel or transmitted separately and simul- 
taneous!y over diiïerent channels interleaved 
with pulses from other sources, as for example, 
additional coders, representing other message 
signals. For this purpose a bias voltage is applied 40 
fo control grid |4 normally to prevent formation 
of a beam and a timing circuit 38 is arranged 
fo switch the beam on at predetermined intervals. 
Thus, when a.code group is to be produced, a 
positive pulse ïrom timing circuit 38 oï such 5 
amplitude as fo overcome the cut-off bias is 
applied fo control grid |4. This permits the 
formation of the beam which strikes coding plate 
2} ata position determined by and indicative of 
the amplitude of the message wave then applied 5o 
to deflection plates 26. As a result the output 
leads from collectors 38 through 36 carry pulses 
oï current of relative amplitudes of 0, 1 or 2 
dependent upon the values of the code elements 
required for the representation oï that particular 55 
amplitude. 
If will be recognized that these output pulses 
occur simuitaneously on the separate output 
leads. If if is desired to transmit these pulses 
serially over a single channel any suitable form 60 
of distributor may be employed. In one con- 
renient type of distributor delay lines are used. 
Thus and as shown in Fig. 1 the flrst code element 
pulse is applied from collector 30 to amplifier 48 
without the introduction of any delay. The sec- 65 
ond code element pulse is applied to a delay line 
42 which introduces a delay equal to the code 
element pulse length and the output is applied 
fo amplifier g0. Similarly, the code element 
pulses from co!lectors 34 and 36 are applied fo 70 
delay lines , and 46 which introduce delays 
respectively equal to two and three rimes the 
code element pulse length. Accordingly the four 
code element pulses occur serially at the output 
of the amplifier 4}. These .pulses may be em- 75 

ployed to modulate the transmitter of any con- 
venient form of transmission system. 
In the above description it bas been assumed 
that each of the target areas of each row repre- 
-senting a code group was represented by an aper- 
ture of size corresponding to the appropriate 
value for each .code element of the particular 
code group. If will be understood that these 
ares may be formed of secondary electron emis- 
sive materials either the extent or the emissivities 
of which are chosen to result in the emission of 
secondary selections in amounts proportional fo 
the appropriate values of the code elements. In 
such case collectors 38 through 36, supplied with 
appropriate operating potentials would be posi- 
tioned fo intercept such secondary emission. In 
other respects, the system would operate in the 
saine manner as that described above. 
Fig. 2 illustrates another embodiment of the 
invention wherein the transmission character- 
istics of the combined circuits including the elec- 
tron beam and the output circuits from the col- 
lectors of the coding tube are determined by 
weighting devices included in the external cir- 
cuits rather than by operations performed upon 
the beam itself. As in the case of the coder 
of Fig. 1 an electron beam tube } is provided 
with suitable means for producing a line or ribbon 
beam of electrons which is projected down the 
tube against a coding plate 3. The input mes« 
sage wave fo be encoded is applied through an 
amplifier . fo deflection plates 66 fo control the 
vertical position af which the beam intercepts 
the coding plate. Ail of these elements are iden- 
tical fo those considered in connection with the 
coder of Fig. 1 and need not be further considered 
here. In this embodiment however, the coding 
plate differs from coding plate 2 of Fig. 1 in 
that the various values of the code elements are 
distinguished by the positions of apertures of 
equal size located within each of the target areas 
for each code group. 
Thus for the flrst code element a value of 0 fs 
represented by the absence of an opening in the 
plate, a value 1 is represented by opening in row 
A and value 2 by an equal sized opening in row 
B. For a signal amplitude of 0 the beam strikes 
the first row ai the bottom of the coding plate. 
No openings appear in any of the target areas of 
this row and code group 0000 is produced. In the 
second row, corresponding to a message ampli- 
tude of | the beam strikes only one opening which 
is located in column A in the flrst target area 
and the code group may be writted 0001. In the 
row corresponding fo a message amplitude of 2, 
the only opening .round by the beam is one in 
column B for the flrst code element. 
Since all the openings for any code element are 
of equal areas the code group is written 0001' 
rather than 0002 as the coder of Fig. 1, the prime 
being applied fo indicate that the opening is in 
the position (column B) corresponding fo the 
code element value of 2. In similar fashionif 
the beam were to strike the coding plate ai the 
position indicated by the dashed lines 5, the 
resulting code group might be written il01' cor- 
responding fo a decimal number of 1÷3÷0÷54 
or 58. Separate collector plates 58 through ï2 
are provided fo col!ect electrons which are trans- 
mitted respectively through apertures in columns 
A and B of the target areas representing each of 
the four code elements. It will be recognized 
that the output signals appearing on any of these 
collectors will be of equal amplitude, those on 
 co!lectors 8, 62, ,66 and ] representing code ele- 
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ment values-of 1 and those on the rernaining 
collectors representing code element values of 2. 
In order to convert these outputs into code 
groups of puises-having arnplitudes 0, 1 or 2, it is 
necessary to provide auxiliary circuits which are 
connected to the respective collectors. Thus the 
collector plates are connected fo gated arnplifiers 
identified in the figure as |--| through 4--2, re- 
 spectively, gated arnplifiers I--| and |--2 being 
ass0eiated with coliectors 58 and 61) representing 
the puise values 1 gnd 2 for the first code element, 
etc. The continuously varying output signals 
frorn the eight collector plates are converted into 
sirnultaneously occurring puises through the use 
 of a sarnpling Puise obtained frorn a Puise gener- 
ator 74 and applied in parallel to all of the gated 
amplifiers. Thus there are available simultane- 
ously ai the output of the gated arnplifiers puises 
bearing information as to the amplitude of a 
message signal. This information is represented 
by sorne cornbination of 8 pu]ses each of which 
bas either of two values. In order to obtain the 
desired ternary code representation it is neces- 
sary to weight these pu]ses in accordance with the 
code elernent values which they represent or to 25 
give thern some other distinguishing character- 
istic. If is convenient.at the saine tirne to dis- 
tribue the puises in time so that the ulüimate 
output will comprise Code groups of serially oc- 
curring puises su]table for transmission over a 3o 
single message link. 
For this purpose the outputs of gated arnpli- 
fiers --, 2--, 8--| and 4--| are aPplied to a 
delaY line distributor identical to that employed 
in the system of Fig. 1 and cornprising delay lines 
7., T8 and 6. The outputs of the rernaining 
gated amplifiers are applied to an identical dela 
line distributor cornprising delay lines 82, 8 and 
86. The outputs of the delay lines for each of 
the two distributors are connected in parallel to 
provide a single output lead from each listributor, 
these leads being identified at 68 and 98. It wfll 
be observed that the delays introduced by the two 
distributors in the pu]ses occurring in either col- 
iector output lead for any code elernent are the 
sarne. Thus a puise from the gated amplifier 
-- is delayed by the same arnount as one rom 
gated arnplifier |---. Sirnilarly, a puise from 
gated amplifier 3-- is delayed by the same 
amount as one from gated amplifier $---2..Since 
by the nature of the coding plate, puises cannot 
occur sirnultaneously in both gated amplifiers of 
any pair, it will be seen that each üirne a gating 
pulpe is applied from puise generator 74 the puise 
output of the two distributors occurring on leads 
88 and 98 taken together will comprise a single 
code group of puises of amplitudes 0 or 1. The 
puises of amplitudes 0 or 1 on lead 66 then repre- 
sent values of 0 or 1 whfle those on lead 98 rep- 
resent code elernent values of 0 or 2. In order to 
cornplete the conversion to ternary code groups 
the pulses on each of leads 38 and 99 are applied 
through amplifiers 92 and 4 respectively to puise 
weighting circuits 96 and 8, the outputs o.f which 
are connected in parallel. Weighting circuit 96 65 
is adjusted to produce output pulses of arnpli- 
rudes 0 or 1 in response to pu]ses of amplitudes 0 
or 1 occurring on lead 86 .while weighting circuit 
98 is arranged to produce puises o.f amplitudes 0 
or 2 in response to puises from lead 91) of ampli- 70 
rudes 0 or 1 respectively. The Parallel output 
from the two weighting circuits is thus rnade up 
of code groups of pu]ses having arnplitudes of 0, 
1 or 2 depending upon the position in which the 
electron beam strikes coding plate 2. It wfll be 

recognized, however,, that other distinguishing 
"characteristics may be given the pulses. For ex- 
ample, weighting circuit 96 may be adjusted to 
produce pu]ses of amplitudes 0 or 1 in response to 
5 .pu]ses of arnplitudes 0 or i on lead 88 with weight- 
ing circuit 6 correspondingly adjusted to give 
output puises of arnplitude 0 or --1 in response fo 
puises of arnplitudes 0 or 1 on lead .90. It is ob- 
vious that other distinguishing pulse values may 
10 also be ernployed. 
Detaiis of the puise wei,ghting circuits 96 and 
98 are shovn in Fig. 3. Each of these circuits 
comprises essentially a single trip multivibrator 
which may, for. example, comprise the two sec- 
15 üions of a dual-triode tube connected in a con- 
ventional circuit. In single trip multivibrator 
|00, for example, the direct current connection 
between the two tubes of the multivibrator is 
accomplished by reason of a cornmon cathode 
2O resistor cornprising a fixed resistor |02 and a 
variable resistor 104 connected in series, while 
the alternating current connection from the plate 
of the left-hand section to the control grid of the 
right-hand section is accornplished through the 
use of a coupling capacitor |06. The positive 
voltage applied as bias to the control grid of the 
left-hand section of the single trip rnultivibrator 
is so adjusted that current norrnally fiows 
through this section. Under this condition no 
.current fiows through the right-hand section of 
rnu]tivibrator tube 100. The negative pu]ses 
from amplifier 92 of Fig. 2 are applied through 
a coupling capacitor |8 to the control grid of 
the left-hand section of single trip mu]tivibrator 
35 100. A bias voltage developed across the adjust- 
able divider comprising resistor |09 and variable 
resistor | | | connected in series between a source 
of positive potential indicated at ÷300 and ground 
is applied to the grid of the left-hand section of 
0 tube |00 to set an operating threshold for the 
ci'cuit.. This bits norrnally maintains the grid 
only slightly more positive than the full conduc- 
tion value. Consequently a relatively srnall 
negative pu]se will trigger the circuit. Assume, 
45 for example, single trip rnultivibrator |1)8 is in its 
normal Condition with current fiowing in the 
left-hand section of the tube. When a puise of 
negative polarity and the required amplitude 
applied through capacitor |88 to the control grid 
50 of the left-hand section, the fiow of current in 
this section of the tube is cut off and this allows 
initiation of current fiow through the right-hand 
section in the usual fashion. Current fiows in 
the right-hand section of single trip rnultivibrator 
55'1)1) through a circuit cornprising the source of 
positive potential indicated t ÷300, load resistor 
|1), the right-hand section of tube |1)1) and the 
cathode resistor comprising resistor |1) and 
variable resistor  1)4 in series and thence through 
60 a source ofnegative bits potential identhïed as 
--150 to ground. The total cathode resistance is 
so adjusted that a spechïed voltage drop is pro- 
duced across load resistor  | 1). At the conclusion 
ofan input puise and after an interval deter- 
'rnined by the values of the intertube coupling 
capacitor 86, the grid return resistor of the 
right-hand section, and the load resistor ||8 of 
the lefthand section, the ci'cuit returns to 
normal condition in which current fiows again 
through the left-hand section of the tube. 
Single trip rnu]tivibrator | is identical to 
single trip multivibrator |61) with the exception 
of circuit values and oPerates in the sarne fashion 
in response fo a negative input pulse from arn- 
7 plhïer-94 Fig. 2» applied through capacitor ||4. 
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Here, however, the circuit-of the right-hand sec- 
tion of the tube includes load resistor | | O which 
is connected in common .in the anode circuits of 
the right-hand sections of tubes |08 and | |2, the 
tube and a cathode resistor comprising resistor 
| | 6 and e, variable resistor |  8 in series. The sure 
of the resistances of resistors  |6 and | 8 is ad- 
justed so that the current flow through the cir- 
cuit including the right-hand section of tube  2 
is just twice that through the circuit including 
the right-hand section of tube |{}8 with the re- 
suit that a drop twice as large as that produced 
by multivibrator |{}{} across resister ||0 is pro- 
duced whenever single trip multivibrator |{}2 is 
triggered. Thus in response te the application of 
puises of amplitude. | through capacitor {}8 the 
circuits just described produce an output puise 
across resistor |0 of amplitude | whfle in re- 
sponse to the application of input puises of am- 
plitude | through capacitor | |4 the circuits pro- 
duce an output puise of amplitude 2. The 
required weighting of puises fo convert the output 
of the two delay-line distributors inte a single 
ternary puise code group and the combination of 
puises into a single output circuit is thus accom- 
plished in one operation. 
What is claimed is: 
1. A coder for representing signal amplitudes 
by code groups of n puises each of which may 
bave any of a number of values m which is at 
least three comprising an electron beam tube, 
means for establishing a ribbon beam therein, 
means responsive fo a signal for deflecting said 
beam te the appropriate one of z = positions each 
corresponding fo a code group and rePresenting 
a different signal amplitude, a plate having for 
each of said positions a row of  target areas, 
and a circuit associated with each of said target 
areas and completed by said beam, the combined 
transmission Cbaracteristics of each area and 
circuit.being pïoPortional fo tht one of the m 
values of the respective code puise appropriate fo 
the code group for the afticular position of said 
beam. 
2. A coder for representing signal amp.litudes 
by code groups of  elements each of which may 
have any of a number of values m which is at 
least three comprising an electron beam tube, 
means for forming an electron beam therein, 
means responsive to signals for deflecting said 
beam fo any one of m  positions each correspond- 
ing to a code group and representing a different 
signal amplitude, a coding plate having for each 
position a row of target areas intercepting said 

the code values represented thereby, and a. collec- 
tor behind each aperture location for each code 
puise. 
4. A coder for representing signal amplitudes 
5 by code groups of n puises each of which:may 
have ny of a number of values.m which is greater 
than two comprising an electron beam ube, 
means for foïming a line beam therein, means 
responsive to a signal for defiecting the beam fo 
the appropriate one of m" different positions each 
of which represents a different signal amplitude, 
a cod.ing plate intercepting said beam and hav- 
ig for each of said positions a row of target areas 
corresponding to the  code puises, an aperture 
in each aïca of each row, excePt those areas rep- 
resenting code puise values of zero in the code 
for the corresponding position, located within the 
areas in accordan.ce with the code pulse values 
represented by said areas and with the apertures 
for each code puise for each row in alinement, 
and a separate collector for each set of alined 
apertures for collecting portions of the electron 
beam tïaversing said apertures. 
5. A coder for repesenting signal amplitudes 
25 by code groups o.f n puises each of which huay 
have any of a number of values m which is af 
least three comprising an electron beam tube, 
means for forming a ribbon beam therein ai pre- 
determined intervals, means responsive fo a sig- 
0. nal for determining in which of  positions of 
defiection a beam will be foimed ai said intervals, 
a coding plate intercepting said beam and having 
ïor each of said positions a row of apertures of 
areas corresponding fo the values of the  code 
35' puises fo express the amplitude corresponding 
to that position in the code, a separate collect0r 
exten.din,g behind the apertures for each code 
puise and intercepting portions of said beam 
passing said apertures, a circuit associated with 
40 each collector, and arranged fo be completed 
passage of the beam through sai d apertures, and. 
means for transforming the currents flowing in 
said .circuits into code groups of serial puises. 
6. A coder for representing signal amplitudes 
45 by code groups of n code elements each of which 
may bave any of a numberof values  which is 
ai least three comprising, an electron beam tube, 
means for forming a ribbon beam of electrons 
therein, means responsive fo a signal for deflect- 
50 ing said beam fo the appropriate one of  posi- 
tions each corresponding to a code group and rep- 
resentin,g a different signal amplitude, a plate 
intercepting said beam and having for each posi- 
tion a row of  targets the areas of which cotte- 
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beam, these target areas corresponding fo the 
elemenks of the code groups and having trans- 
mission characteristics respectively proportional 
to the m values of the code elements to represent 
that position in the code, and a plurality of 
collecters of electrons transmitted from said tar- 60 
get areas, one for each code element. 
3. A coder for representng signal amplituàes 
by code groups of ri.puises each of which may 
bave any of a number of values m which is greater 
than two comprising an electron beam tube, 65 
means for forming a ribbon beam of electrons 
therei, means responsive fo a signal for 
flecting said beam to the one of m  different posi- 
tions each corresponding fo a different signal 
amplitude, a coding plate intercepting said beam 70 
and having for each position a row of deflned 
areas corresponding fo then code pulses, an aper- 
ture in each area except those representing a 
value of zero in the code for that position, said 
apertures being located in said areas tç indicate 75 

n 55 spond respectively to the m values of the code 
elements to represent that position in the .code, 
and separate collectors for each .code element for 
electrons transmitted from said areas. 
7. A coder for representing signal amplitudes 
at desired sampling intervals by code groups of 
n code elements each of any of a number of 
values m which is at least three comprising,, an 
electron beam tube, means for forming a beam 
therein, means responsive to signals for deflect- 
ing the beam to the appropriate one of m  posi- 
tions, each corresponding to a code group and 
representLug a different signal amplitude, a plate 
having for each position a row of target areas 
correspondin,g to then code elements and hav- 
ing transmission chaïacteristics respectively pro- 
portional to the m values of the code elements te 
represent the position in the code, separate col- 
lectors for each of the m values other than zero 
of each code e!ement for electrons transmitted 
fr0m said target areas in response fo impinge- 
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ment of the beam thereon, and means for con- 
verting the outputs occurring simultaneously at 
Said collectors ai each sampling interval into a 
group of pulses occurring serially in a single out- 
put circuit. 
8. A coder ïor representing signal .amplitudes 
by code groups of n pulses each of which may 
have any of a number of values m which is greater 
than two comprising an electron beam tube, 
means for forming a beam therein, means re- 
sponsive to a signal for deflecting the beam to 
the appropriate one of m n positions each corre- 
sponding to a code group and representing a 
different signal amplitude, a plate intercepting 
said beam and having for each position a row of 
target areas corresponding to the n pu]ses of the 
code group, there being an aperture in each area 
for each row except those representing code ele- 
ment values of zero and the location of said aper- 
tures in said areas being determined by the values 
of the code elements represented by said areas, 
collectors for electrons from apertures in each 
lecation for each code element, separate distrib- 
uting means connected t all collectors for each 
code element value and arranged to convert the 
outputs from said .collectors into rime distributed 
pu]ses in a single output circuit, and means in the 
out-put of each of said distributing means for 
giving a characteristic to pu]ses therefrom repre- 
sentative of the code element value to which the 
pu]ses correspond. 
9. A coder for representing signal amplitudes 
by code groups of n pulses each of which may 
have any of a number of values m which is at 
least three comprising an electron beam tube, 
means for forming a beam therein, means re- 
sponsive to signals for deflecting the beam to any 
of m n positions each corresponding to a different 
signal amplitude, a plate intercepting said beam 
and having for each position a row of target areas 
corresponding to the n pu]ses of the code group, 
there being an aperture in each area for each row 
except those representing code element values of 
zero and the location of said apertures in said 
areas being determined by the values of the code 
elements represented by said areas, collectors for 
electrons from apertures in each location for 
each code element, separate simultaneously oper- 
grive distributing means for converting the out- 
purs ,rom all collectors for each code element 
value into rime distributed pu]ses in a single out- 
put circuit, means in the output of each of said 
distributing means for producing pu]ses of an 
amplitude representing the corresponding code 
element values, and means for combining the 
output pu]ses from said last-mentioned means for 
transmission. 
10. A coder for representing signal amplitudes 
by code groups of n pu]ses at predetermined sam- 
pling rimes each of which may have any of a num- 
ber of values m which is greater than two com- 
prising an electron beam tube, means for form- 
ing a beam therein, means responsive to a signal 
for deflecting the beam to the appropriate one of 
m  positions, each corresponding to a different 
signal amplitude, a plate intercepting said beam 
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and having for each position a row of targe 
areas corresponding fo the n pu]ses of the code 
group there being an aperture in each area for 
each row except those representing code element 
5 values of zero and the location of said apertures 
in said areas being determined by the values of 
the code elements represented by said areas, sep- 
arate collectors for each code element value other 
than zero for collecting electrons transmitted 
10 from target areas, and gare circuits operating at 
the sampling rimes to apply the output quantities 
from said collectors to identical distributors hav- 
ing a common output and arranged to distribute 
current impulses from said collectors in the in- 
15 terval between sampling rimes to produce a single 
series of pu]ses for transmission. 
11. A codez" for representing signal amplitudes 
by code gr0ups of n pu]ses each of which may 
have any of three values including zero compris- 
20 ing an electron beam tube, means for forming a 
ribbon bearn therein, means responsive to a signal 
for deflecting the beam to the proper one of 3 , 
positions, each corresponding to a different signal 
amplitude, a plate intercepting said beam and 
25 having for each position a r0w of target areas cor- 
responding to the g pu]ses of the code groups and 
having transmission characteristics respectively 
proportional to the three values of the code pulses 
to represent the position in a code founded upon 
30 a system of numeration of base three, and sep- 
arate collectors for each code element for elec- 
trons transmitted from said target areas. 
12. A coding tube for pu]se code modulation 
wherein code groups of n pu]ses, each of which 
35 may bave any of a number of values m which is at 
least three are employed comprising, an evacu- 
ated envelope, means for forming an electron 
beam therein, means for deflecting the beam to 
any of m n positions, each corresponding to a dif- 
40 ferent signal amplitude, and a plate intercepting 
said beam and having for each position a rowof 
target areas corresponding to the n pu]ses of the 
code ï'oup and having transmission, character- 
istics respectively proportional to the m values of 
45 the code elements to represent the position am- 
plitude in a code founded on a system of numera- 
tion of base m. 
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